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CALIBRATION COMMENTARY
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Radiocarbon is by far and away the most widely used dating tool in the Late Quaternary. Hundreds
of key papers rely on the method to provide absolute and relative chronological information on
important topics, including the late evolution of our own species (e.g. Higham et al. 2006a) and the
timing and nature of abrupt climatic changes during the last glaciation (Lowe et al. 2001). Calibra-
tion of 14C determinations is an essential part of the dating process, and the implications of calibra-
tion can lead to significant differences in the interpretation of important processes (Blockley et al.
2006). Any development that enhances the accuracy, precision, or time coverage of the calibration
curves is therefore to be welcomed. Since the early 1980s, there has been periodic publication of
carefully vetted data in the form of internationally recognized consensus calibration curves that have
allowed 14C users to convert their raw 14C determinations into calendar ages (Klein et al. 1982;
Stuiver and Reimer 1986, 1993; Stuiver et al. 1998; Reimer et al. 2004). In the beginning, the basis
on which this was done was easy to understand, 14C measurements were made on tree rings and the
absolute calendar age came from counting annual growth rings. Although not without its complex-
ities, the terrestrial tree-ring approach remains the most certain method and is at the heart of calibra-
tion process in the period 0–12.4 cal kyr. However, for periods beyond the limit of the tree-ring
sequences the situation was significantly more problematic, and at times, even controversial.
In 2004, the IntCal working group provided marine data, with site-specific regional reservoir cor-
rections for the period 12.4-26 cal kyr; however, they made no recommendation for calibration/com-
parison beyond this point (Reimer et al. 2004). Users wishing to correct age determinations beyond
26 cal kyr faced a dilemma—confronted as they were by a myriad of conflicting calibration data sets
from differing environmental sources the errors on which few had sufficient knowledge to compre-
hend—many decided to stay with uncalibrated 14C determinations. The problem became particu-
larly acute when users using uncorrected ages attempted to compare their 14C chronologies with
absolutely dated climate data (e.g. Greenland ice-core records) or non-14C ages (e.g. OSL, 40Ar/
39Ar, etc.), for this resulted in a series of “apples and oranges” comparisons where 14C “years”
became mistakenly equated with calendar years, leading to misleading science.
Calibration became more contentious in 2005 when R G Fairbanks and his coauthors published their
2 papers claiming to have produced a superior 14C calibration curve extending to 50 cal kyr BP
(Chiu et al. 2005; Fairbanks et al. 2005). Highly critical of the methodology of the IntCal working
group, the authors successfully undermined any remaining (externally perceived) cohesion within
the 14C producers’ community. Their calibration curve is easily available to any user who wishes to
use it (http://www.radiocarbon.ldeo.columbia.edu/research/radiocarbon.htm).
In a sense, the genie was out of the bottle long before the intervention of Fairbanks et al. For many
years, CalPal (e.g. Danzeglocke et al. 2007) has provided the means to combine 14C data sets for the
purposes of calibration. Using this computer calibration program, any user with a modicum of
knowledge can select which 14C record they wish to use as a means to “calibrate”/compare their age
data. The key to getting something of value from this is in understanding the limits and weaknesses
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of the different data sets. It is all very well to have access to a high-resolution climate proxy record
from, for example, Greenland, but how applicable is it to an age data set from the Indian Ocean mon-
soon region, or a central Asian loess sequence? While one might applaud a freeing up of the “own-
ership of time” (cf. van Andel 1998), with freedom comes responsibility and users who wish to com-
pare their data with different 14C calibration data sets have to become better educated in the
strengths and weaknesses of the different proxies. It is clear from the calibration papers in Radiocar-
bon 50th anniversary special issue that the science may have moved on, but have all the users of 14C
data? There is an essential case to be made for getting this message over to the user community.
Recent developments in tuning proposed calibration curves to different calendar records have
resulted in the calibration process moving forwards. The recent retuning of the Cariaco record has
resulted in a new Cariaco curve (Hughen et al. 2006) that now agrees broadly with the Fairbanks
curve and it seems that a new consensus curve may soon be with us. Calibration is a vital part of the
14C dating process; however, it is not the magic answer to everything. What are the implications of
this for the archaeological community (and by this we mean Paleolithic archaeologists since only
these need worry about calibration past the endpoint of the tree-ring sequences)? The problem of age
underestimation as one gets close to the 40,000–50,000 14C yr upper age limit is not addressed by
age correction, and this will remain a significant issue. The chemical pretreatment issues, for exam-
ple, that are connected with the extraction of carbonaceous protein in antler, bone, and ivory and the
purification of charcoal are particularly relevant to the ability to accurately date archaeological sam-
ples beyond ~25–30 kyr BP. Improvements connected with ultrafiltration and other, as yet unfore-
seen, developments are likely to be just as important as which calibration data set to use.
Users of 14C dates, though themselves driven primarily by interests in other processes, need to be
actively embedded in 14C science; from a detailed understanding of the finer points of 14C pretreat-
ment (Higham et al. 2006b), through to the intricacies of calibration. Taking the question of the tim-
ing of the Middle to Upper Paleolithic in Europe, the apparent pattern is that some regions of Europe
have an Upper Paleolithic transition broadly in the range of 32,0000–35,000 yr ago, while there is
also evidence for very late Neanderthal survival in southern Iberia (e.g. Finlayson et al. 2008). Addi-
tionally, there have been several attempts to test for the relationship between climate change and evo-
lutionary transitions at this time. There are, however, a number of uncertainties to be considered,
both in the timing of the onset of the Upper Paleolithic across most of Europe and the possibilities
for very late Neanderthal survival. These uncertainties concern both 14C “quality assurance” and 14C
calibration. These problems are exemplified by data relating to the widespread Campanian Ignim-
brite tephra, located in numerous archaeological and environmental records from Italy to Russia
(Pyle et al. 2006). This tephra is very well dated by multiple 40Ar/39Ar isochron ages to 39,282 ± 110
(De Vivo et al. 2001). The 14C ages for this isochron, however, from archaeological sites where it has
been located close to the Middle to Upper Paleolithic transition, range from 32,000–35,000 14C yr.
In this case, a single event can be smeared over many thousands of 14C yr. Moreover, none of the
available 14C calibration data resolve this and can only produce a reliable calendar age for this tephra,
if the majority of archaeological dates are rejected (Blockley et al. 2007). Thus, we do not know if
the dates are the problem or the curve, although the former seems the more likely. This is not meant
to sound negative, science moves on and 14C dating is becoming more secure all the time, even
towards the limits of the technique. The challenge for users is to engage properly with the science.
One of the significant scientific developments that has enabled users to actively engage with the sci-
ence is the growth in the application of Bayesian methods to 14C problems. Pioneered initially by
Caitlin Buck and colleagues (Buck et al. 1991), with later proliferation through the availability of
useful software such as OxCal (Bronk Ramsey 2001, 2008) and BCal (Buck et al. 1999), the appli-
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cation of Bayesian techniques to integrate 14C and other information has become an influential tool.
The method, which allows the use of prior knowledge, such as the relative depths of different strati-
graphical units, in the calculation of model ages, is particularly useful for 14C-based problems, as we
are often dating samples from a known stratigraphical or cultural context. Initially, the use of Baye-
sian methods was restricted to archaeological problems, where the use of phasing information has
made Bayesian methods an ideal tool, giving archaeologists the ability to discuss timescales at the
generational level (e.g. Bayliss et al. 2007).
The uses of Bayesian methods have now moved out into wider areas of archaeology and on into
Quaternary science. One key area has been at the interface between archaeology and Quaternary
paleoclimate reconstruction. Here, the aim has been to understand the timing of demographic
changes evident in the archaeological record of the late Pleistocene and their relationship to the
abrupt climate events also evident in numerous archives from that time (Housley et al. 1997; Block-
ley et al. 2006). The appropriate statistical methods proved crucial, as timing the onset of human
movement was heavily dependent on the statistical framework adopted (Blackwell and Buck 2003).
Ironically, embracing the fundamental uncertainties associated with these processes, however,
means that we often have to accept the limitations of the science, and at the moment, even using the
best available statistical methods, the exact relationship between late Quaternary climate change and
human adaptation is not clear (Blockley et al. 2006). Resolving such questions requires integrating
14C information with evidence from other tools such as tephra, and here a Bayesian approach to age
modeling will be ideal for such integration.
Bayesian calibration methods have now also been applied to the paleoclimate archives themselves.
The majority of late Quaternary paleoclimate records are 14C-based and have dates that are strati-
graphically ordered. This is ideal territory for Bayesian modeling and initial analyses showed that
coherent age models are possible (Blockley et al. 2004). Since this initial work, a new generation of
Bayesian depositional models have been developed. These explicitly incorporate the depositional
information, such as the relative depth of individual dates and likely sediment deposition scenarios
(Blaauw and Christen 2005; Bronk Ramsey 2008; Parnell et al. 2008). Recent test of some of these
models against simulated data suggest that they are useful tools for depositional modeling (Blockley
et al. 2007) and Bayesian methods should increasingly be useful for a variety of age modeling sce-
narios within Quaternary science.
The rise in the use of Bayesian tools actually encapsulates the developments in 14C from the user
perspective. The ability to incorporate information and expertise from the user end into devising a
most likely final calibrated output is the power of the Bayesian approach, but this requires the user
to be even more aware of and engaged in the details of 14C science. We are now working in a time
where the 14C user has an embarrassment of riches—complex pretreatment strategies for different
types of samples, long-term calibration data, and a variety of complementary dating methods, all of
which can be integrated using Bayesian methods. The 14C user is fortunate indeed to have such pow-
erful tools, but must remember that these tools require due rigor in sample selection, model building,
and final interpretation.
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